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SUMMARY 

A loading  analysis  of  CMOS  integrated  circuits  in  the 
Control  Group  of  Torpedo  Mk  46  Mod  5 (NEARTIP)  was  per- 
formed for  the  Naval  Ocean  Systems  Center.  The  analysis, 
which  included  documenting  loads  and  calculating  rise  times 
for  about  1400  CMOS  outputs,  revealed  no  problems  related 
to  CMOS  fanout  or  rise  time.  , 
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1 

INTRODUCTION 


As  a task  under  Contrail  N00123-7()-C-07y7,  ARINC  Uesearcli  Corporation 
conducted  a loading  analysis  ol  CMOS  integrated  circuits  in  tlic  Control  Croup  ot 
Torpedo  Mk  4(1  IVIod  5 (NEAR Til’).  The  purpose  of  the  investigation  was  to  help  ensure 
that  the  torpedo  system  will  not  be  degraded  because  of  CMOS  loading  problcjns. 

This  report  documents  all  CMOS  fanout  numbers  and  related  application  factors 
in  the  NEARTIP  Control  Group  circuits.  Input  information  to  the  study  included 
Control  Group  schematics,  change  authorizations  (CAs)  related  to  revisions  of  the 
schematics,  direct  inputs  from  Naval  Ocean  Systems  Center  personnel,  and  ARINC 
Research  and  Honeywell  technical  reports. 

In  this  report,  applicable  documents  are  listed  in  Section  2;  data  compilation  and 
documentation  are  described  in  Section  3;  the  determination  of  IC  output  rise  time  is 
discussed  in  Section  4;  results  of  the  loading  analysis  are  presented  in  Section  5;  and 
conclusions  and  recommendations  are  given  in  Section  fi. 
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APPLICABLE  DOCUMENTS 


Source  documents  for  the  loading  analysis  of  CMOS  ICs  in  the  NE  Alt  TIP 
Conti'ol  Group  are  listed  below. 


a.  Control  Group  Schematics 

NEARTIP 

Schematic 

3235702 

3235505 

3235506 

3235507 

3235508 

3235510 

3235511 

3235512 

3235513 

3235514 

3235515 

3235517 

3235518 

3235519 

3235520 

3235521 

3235522 

3235523 

3235524 

b.  Minneapolis-Honeywell,  Inc. 


Revision 

Letter 

D 

F 

E 

D 

D 

E 

D 

D 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

D 

letter  report,  CD4000  Series  CMOS  Input 


Capacitance  Study,  2 December  1976. 

c.  Motorola,  Inc. , MCMOS  Handbook.  1974  edition. 

d.  Textronic,  Inc. , Textronic  Circuit  Computer.  1961. 
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ARINC  Research  Corporation,  Design  Analysis  Reports  (DARs), 
prepared  under  Contract  N00123-76-C-0797. 

NAVSEA  09r)7-LP-597-1010,  Table  VII. 
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DATA  COMPILATION  AND  DOCUMENTATION 


For  the  CMOS  IC  loading  analysis,  data  from  about  475  ICs  having  about  1425 
individual  outputs  and  5000  loads  were  recorded.  This  section  describes  how  the  data 
were  compiled  and  documented. 

5.  1 CMOS  INTERCONNECT  DATA 

CMOS  IC  interconnections  were  identified  for  every  IC  output  in  the  19  schema- 
tics of  the  NEARTIP  Control  Group.  The  data  include  reference  designator,  section 
number,  pin  number,  and  associated  loads  for  each  IC  output.  The  loads  include 
CMOS  ICs,  resistors,  and  capacitors.  For  the  identified  loads,  the  reference  desig- 
nator, section  number,  and  pin  number  are  also  recorded.  These  data  are  presented 
in  Appendix  B and  illustrated  in  Table  1 for  a portion  of  the  data  from  Control  Group 
schematic  no.  3235514. 

3.  2 CMOS  LOADING  DATA 

Recorded  for  every  IC  output  on  each  of  the  19  Control  Group  schematics  were 
the  IC  number,  output  pin  number,  loads,  number  of  CMOS  loads,  and  rise  time  (at 
70°  C)  where  thought  to  be  significant.  These  data  are  presented  in  Appendix  A and 
illustrated  in  Table  2 for  a portion  of  Control  Group  schematic  no.  3235514. 
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TABLE  1.  EXAMPT.E  OF  INTERCONNECT  DATA  FROM  APPENDIX  B 


A5A2 

A5B4 

A5Cr> 

A5D10 

A5E12 

A5F15 

A (ID  13 

D7A5 

D(;B9 

G7B10 

BOD  12 

F7D12 

C8A2 

C8B4 

C8C6 

C8D10 

C8E12 

C8F15 

B6D13 
A7A2 
B6B5 
D7A2 
B6C9 

(1)  Referring  to  IC  C8D10  (block-enclosed  for  illustrative  purposes), 
"C8"  is  the  IC's  reference  designator,  "D"  is  the  IC  section,  and 
"10"  is  the  IC's  output  pin  number.  Below  the  line  are  five  CMOS 
loads  connected  to  output  pin  10. 

(2)  For  CMOS  IC  A5F15,  the  value  49  is  shown  encircled.  The  49  is 
a pin  number  on  the  board  connector,  and  the  circle  indicates  that 
the  reference  load  is  physically  located  on  a different  NEARTIP 
board.  The  total  load  is  documented  in  Appendix  A. 


B5A3  (2^ 

A7A2 

(Schematic  No.  3235514) 


COBH  D8C13  A7B5 

D7B9 
G7B11 


TABLE  2.  EXA]\11>1,E  OE  LOADING  DATA  EBOiM  APPENDIX  A 


Beference 

IC  Number 

Pin  Number 

Total  Load 

Number  of 
CMOS  Loads 

Bise  Time, 

10“'*  sec 

C8 

2 

4013 

1 

4 

4023, 12, 13 

3 

() 

4023 

1 

10 

4011,23,11,12,11 

5 

12 

4027,23 

2 

15 

(4049,23,23) 

3 

On  C8D10  (note  enclosed  entry  in  Table  1,  which  is  pin  10  in  Table  2), 
the  five  CMOS  loads  are  4011,  4023,  4011,  4012,  4011.  If  the  rise 
time  was  significant  it  would  be  listed  in  the  last  column.  Had  part 
of  the  load  been  resistive  or  capacitive,  that  would  be  listed  in  the  Total 
Load  column. 

Pin  15  has  its  total  load  shown  in  parenthesis,  which  indicates  that  the 
load  is  on  a different  NEAKTIP  board. 


(1) 


(2) 
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DETERMINATION  OF  1C  OUTPUT  RISE  TIME 


For  calculation  of  the  rise  time  of  IC  outputs,  much  of  the  input  data  was  pro- 
vided by  the  Honeywell  letter  report,  "CD4t)00  Series  Input  Capacitance  Study",  dated 
2 December  197U.  That  report,  reproduced  herein  as  Appendix  C,  provided  data  on 
CMOS  output  transition  time,  input  capacitance,  and  dynamic  impedance. 

Hise  times  of  ICs  in  the  NEAHTIP  system  were  calculated  from  the  external  1C 
load  and  the  internal  dynamic  impedance  of  the  IC  output.  The  equation  is: 


^R(NT) 


,2(Z  ^ + R )(C  ) 

o(int)  ex  ex 


(1) 


where 


^ R(NT)  ~ ^^ise  time  (NEARTIP)  from  10%  to  90%  of  the  output  wave  shape 

^o(int)  ~ internal  dynamic  impedance 

R = Any  resistance  external  to  IC 

ex  ■’ 


C 


ex 


Z 


= Any  capacitance  external  to  IC. 
is  calculated  as  follows: 


o(int) 

a.  The  transition  time  (Tj)  of  the  chip  into  a 50  pf  load  is  given  in  Table  2 
of  Appendix  C. 

b.  Then,  from  equation  1, 


T.  2.2  Z .,C 
t o(int)  ex 


from  which 


t 


(2) 


o(int)  2.  2 X 50  pf 
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With  '/  . , now  known  and  K and  C known  from  the-  loading  analysis, 

o(int)  ex  ex 

T, can  be  calculated  from  equation  1. 

R(N  I ) 

As  an  example,  consider  the  NEAR! IP  CMOS  device  S/N  1001.  From  Table  2 
of  Appendix  C,  its  transition  time  is  80  nanoseconds  with  a 50  pf  load  at  25° C’.  The 
tiansition  time  increases  0.5','/°C’  since  from  equation  2,  Tj.  is  directly  proportional 
to  values  for  which  appear  in  Appendix  C,  page  C-4.  At  70° C the  transition 

time  is; 


T^  (80  X lO"^  sec) 


[^(1  + °;^'^S(70°C  - 25°C)J 


- 90.8  X 10  sec 

or  an  increase  of  10.  8 nanoseconds  from  its  value  at  25°  C.  Then,  from  equation  2, 


, 90.8  X 10  ^ sec 

2.2  (50  X lO'^^  f) 


825S2 


Assume  an  external  load  of  80  pf  on  the  output  of  the  example  device.  The  rise 
time,  from  equation  1,  is 

^R(NT)  " 2.2(825  * 0)(80  x 10“^^F)  0. 145  x lo"®  sec. 

If  this  rise  time  was  considered  excessive  (see  discussion,  S^^ction  4.  2),  it  would  be 
listed  in  the  Rise  Time  column  of  Appendix  A and  subjected  to  further  analysis. 
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RESULTS  OF  LOADING  ANALYSIS 

Results  of  the  loading  analysis  of  CMOS  ICs  in  the  NEAR  l’IP  Control  Group  are 
suininarized  in  this  section.  Complete  data  are  presented  in  Appendix  A. 

5. 1 LOADING  AND  RISE  TIME  CHART 

For  CMOS  IC  outputs  having  more  than  nine  loads.  Table  3 shows  the  number  of 
loads  and  the  associated  rise  time.  NOSC  designated  a fanout  of  nine  for  CMOS  ICs  as 
a design  goal  for  NEARTIP. 


TABLE  3.  CMOS  OUTPUTS  WITH  MORE  THAN  NINE  LOADS 


Drawing  No. 

IC  Number 

Number  of 
CMOS  Loads 

Rise  Time, 

10"lj  sec 

3235513 

B7  Pin  1 

12 

0. 15G 

3235513 

B7  Pin  13 

IG 

0.22 

3233514 

C7  Pin  G 

17 

0.3G 

3235515 

C8  Pin  12 

11 

0,145 

3235519 

A7  Pin  11 

12 

0.2 

3235519 

C8  Pin  12 

32 

0.6 

3235519 

F5  Pin  15 

13 

0.3 

3235521 

BG  Pin  1 

3G 

1. 15 

3235521 

C8  Pin  2 

13 

0.3G 

3235521 

DG  Pin  10 

20 

0.37 

3235522 

D4  Pin  10 

IG 

0.32 

3235522 

E7  Pin  2 

10 

0.301 

3235523 

D9  Pin  12 

10 

0.135 

Since  none  of  the  ICs  analyzed  have  resistive  loads  that  stress  their  output 
current  capability  (most  devices  are  operating  at  less  than  20%  of  their  maximum 
current  rating  at  25“C),  resistive  loads  are  not  included  In  Table  3. 


fi.  2 RISE  TIME  ANALYSIS 


Clock  rates  within  the  NEARTIP  Control  Croup  will  nenei-ally  determine  what 
rise  time  between  the  1C  output  and  input  will  be  adequate.  To  i nsure  proper  opera 
lion  oi  some  ICs,  the  individual  IC  may  have  a speeilied  rise  lime  required  al  Ihe  inpul, 
Uolh  of  these  points  will  now  be  addressed. 

Excluding  the  SAC  board  (Assy  No.  3235508),  the  fastest  clock  time  in  the  Con- 
trol Group  is  5 kllz.  The  period  for  a 5 kHz  cycle  is  0.  20  milliseconds,  losing  a 

translation  factor  of  0,  from  ref.  d of  Section  2 (as  low  as  3 would  be  acceptable),  the 

-3 

minimum  rise  time  for  a chip  input  is  (0,20  x 10  )/6  or  0.033  millisecond.  Since  no 

rise  time  greater  than  4 microseconds  was  found  in  the  Control  Group,  there  are  no 

-3  _fi 

potential  clocking  problems.  In  fact,  a safety  factor  of  (0,33  x 10  )/(4  x 10  ) = K 

exists  with  respect  to  a possible  clocking  problem. 

The  Honeywell  report  (Appendix  C)  states  that  the  slowest  rise  time  in  the 
NEAKTIP  system  should  be  1.5  microseconds.  This  calculation  was  derived  from 
worst-case  conditions  for  all  components  that  affect  rise  time. 

The  four  ICs  with  a calculated  rise  time  greater  than  1.5  microseconds  were 
examined.  The  CMOS  loads  of  each  were  checked  to  determine  if  a slow  rise  time 
could  affect  their  operation.  Table  4 identifies  these  ICs  and  their  rise  times. 


TABLE  4.  ICs  WITH  RISE  TIMES  GREATER  THAN  1.5  MICROSECONDS 


Dwg.  No. 

Chip  No, 

Output 

Pin  No. 

CMOS  Output 

Rise  Time,  ^sec 

CMOS  Loads 

3235505 

IE 

12 

3.27 

4023 

3235505 

2A 

2 

3.30 

4011,  12 

3235702 

CIO 

1 

1.85 

4013,  13 

3235520 

G4 

1 

3.45 

4012 

In  discussions  with  an  ARINC  Research  representative,  application  engineers  of 
RCA  and  National  Semiconductor  agree  that  CMOS  devices  4023,  4011,  and  4012  are 
not  sensitive  to  slow  input  rise  times.  Factory  specification  sheets  and  NEARTIP 
SIDs  do  not  specify  these  three  CMOS  input  rise  times. 

The  4013  chip  requires  a minimum  rise  time  of  3 microseconds  for  its  clock  input. 
Inputs  to  the  4013s  listed  in  Table  4 go  to  the  set  and  reset  pins.  These  inputs  do  not 
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rt'ililiro  a specific  rise  time.  If  the  input  is  present  20  nanoseconds  before  the  clock 
signal  arrives,  as  is  the  case  in  NEAHTIP,  the  chip  will  operate  properly. 

The  SAC  board  has  an  internal  oscillator  with  a resonant  frequency  of  about 
240  kll/.  \\T\ere  rise  time  is  important  on  the  SAC  board,  the  chips  are  intercon- 
nected directly  to  ensure  operation  at  the  higher  frequency.  The  highest  approxi- 
mate frequency  to  enter  and  leave  the  SAC  board  is  5 kHz,  which  is  well  within  the 
operating  frequency  of  the  board. 

The  analytical  concepts  used  in  the  Honeywell  report  (Appendix  C)  and  in  this 
report  are  the  same.  However,  ARINC  used  specific  cases  in  its  calculations  where 
Honeywell  used  an  absolute  worst  case  in  its  calculations.  If  a worst  case  had  actually 
occurred,  ARINC  would  have  noted  and  documented  it  in  this  report. 

In  summary,  the  rise  time  of  CMOS  ICs  in  the  control  group  do  not  appear  to 
represent  a problem. 

5.3  CMOS  FANOUT  ANALYSIS 

Tabic  3 shows  that  certain  CMOS  loads  in  the  NEARTIP  Control  Group  range 
from  iO  to  3G.  The  question  arises  as  to  how  many  loads  a CMOS  IC  should  have  in 
the  NEAirnP  system.  The  Honeywell  report  (Appendix  C)  recommends  only  nine 
because  of  rise  time  constraints.  However,  it  has  been  shown  (Section  4.2)  that  rise 
time  is  not  a problem,  even  on  the  IC  with  a fanout  of  36.  If  rise  time  is  the  only 
limitation,  then  none  of  the  CMOS  ICs  in  the  Control  Group  are  fanout-limited. 

NAVSEA  0967-LP-597-1010,  Table  VIII,  recommends  that  a fanout  on  digital 
microcircuits  be  limited  to  70  percent  of  manufacturer  rating.  If  rise  time  is  not  a 
constraint,  device  manufacturers  generally  state  that  a fanout  of  100  is  acceptable. 
Since  70'/c;  of  that  value  is  70,  the  worst  case  fanout  of  36  from  Table  3 would  still  have 
a safety  margin  of  approximately  2-to-l. 

From  a mission  completion  point  of  view,  it  may  be  preferential  to  spread  the 
risk  of  not  completing  a mission  among  different  outputs  instead  of  having  as  many  as 
36  outputs  coming  from  the  same  IC.  If  this  is  a concern,  then  a separate  study 
should  be  implemented  to  investigate  the  costs  and  effectiveness  tradeoffs  associated 
with  applications  of  redundant  signal  paths. 


In  simim;u'yf  ovorlojulod  outputs  on  CMOS  dovioes  in  the  NEAICHl’  Control 
(.'■roup  do  not  appear  to  represent  a problem. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


f>.  1 CONCI.USIONS 

The  overall  conclusions  drawn  from  this  study  are  the  following: 

a.  Of  the  1,425  CMOS  circuits  analyzed,  13  ICs  had  a fanout  of  greater 
than  nine,  and  four  had  an  output  rise  time  of  greater  than  1,  5 
microseconds. 

b.  A fanout  of  nine  and  a rise  time  no  greater  than  1.5  microseconds,  con- 
sidered as  limiting  values  by  Honeywell  (see  Appendix  C),  are  not  appli- 
cable to  the  CMOS  circuits  in  the  NEARTIP  Control  Group. 

c.  The  design  goal  for  fanout  of  CMOS  devices  in  the  NEARTIP  Control 
Group,  also  nine,  is  extremely  conservative. 

d.  All  factors  considered,  there  are  no  problems  relating  to  fanout  or 
rise  time  in  CMOS  devices  in  the  NEARTIP  Control  Group. 

6.2  RECOMMENDATION 

ARINC  Research  recommends  that  no  action  be  taken  at  this  time  to  reduce  the 
loading  effects  of  CMOS  IC  outputs  in  the  NEARTIP  Control  Group. 
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APPENDIX  A 

CMOS  1C  OUTPUT  LOADING  DATA 


Control  Group 

Schematic  Number 

Page 

3235702 

A-3 

3235505 

A-7 

3235500 

A-9 

3235507 

A-11 

3235508 

A-13 

3235510 

A-17 

3235511 

A-23 

3235512 

A-25 

3235513 

A-27 

3235514 

A-29 

3235515 

A-33 

3235517 

A-41 

3235518 

A-45 

3235519 

A-53 

3235520 

A-59 

3235521 

A-05 

3235522 

A-71 

3235523 

A-79 

3235524 

A-85 

A-l/A-2 


1 

1 REFERENCE 

IC  # 

PIN  # 

A6 

2|  10j|6|l 

12  |15  * 

AlO 

11 

B5 

1 

13 

B6 

2 

4 

6 

10 

12 

15 

B7 

3 

4 

10 

11 

B8 

2 

4 

6 

10 

12 

15 

B9 

13 

C5 

2 

13 

TOTAL  LOAD 


4012,  I.IK  SERIES  WITH  (3, 
TO  -15V,  BASE  TRANSISTOR) 

4012 

4013 
4049 
4013 

4015.01 

4023.01 
4013 
4001,25 
4011 
4049,11 
4049,11 
4013 
4015 
4011 

4012.13 

4011 

4049.13.13 
4001 

4013 

4012 
4023 
4012 


*The  symbf>l  "|("  <lc*n()ti‘s  "in  parallel  with". 

A-3 


DRAWING  #3235702 
PAGE  1 of  4 


// 

CMOS 

LOADS 


RISE 
TIME 
10  -^SEC 


DRAWING  //3235702 
PAGE  2 of  4 


DRAWING  //3235702 
PAGE  3 of  4 


DRAWING  //3235505 
PAGE  1 of  2 


REFERENCE 

TOTAL  LOAD 

II 

CMOS 

LOADS 

RISE 

TIME 

10  -^SEC 

IC 

PIN  // 

lA 

2 

1800PF  parallel  22K,  4012,  12 

2 

IB 

4 

CD4011,11,  (4013,12) 

4 

1C 

6 

IK  series  75PF 

0 

.296 

ID 

10 

IK  series  75PF 

0 

.296 

IE 

12 

CD4023,1800PF  parallel,  22K 

1 

3.27 

IF 

15 

IK  series  75PF 

0 

2.96* 

2A 

2 

CD4011,11,12,12,1800PF  par- 
allel 22K 

4 

3.3 

2B 

4 

CD4011,11,11 

3 

2C 

6 

2.7K  parallel  75PF 

0 

2D 

10 

2.7K  parallel  75PF 

0 

2E 

12 

CD4023,22K  parallel  1800PF 

1 

2F 

15 

2.7K  parallel  75PF 

0 

3A 

3 

CD4012,12,12,12,23,23 

6 

3B 

4 

CD4012,12 

2 

3C 

10 

36K  in  series  (INSTRUMENTA- 
TION) 

0 

3D 

11 

36K  in  series  (INSTRUMENTA- 
TION) 

0 

4A 

2 

CD4050,27 

2 

4B 

1 

CD4027 

1 

5A 

1 

CD4050 

1 

5B 

13 

CD4049 

1 

6A 

1 

CD4050 

1 

6B 

13 

:;D4049 

1 

*SInce  there  are  no  CMOS  loads  connected  to  IF  pin  15,  the  rise  time  of  2.9h 
microseconds  presents  no  problems. 
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REFERENCE  j 

TOTAL  LOAD 

II 

CMOS 

LOADS 

IC  # 

PIN  # 

2A 

3 

CD4050,50,50,50,50,50 

6 

2B 

4 

CD4011,11,12 

3 

2C 

10 

27PF 

0 

2D 

11 

CD4040 

1 

3A 

3 

CD4011,11 

2 

3B 

4 

CD4011,ll 

2 

15K  in  series  47K  parallel 

25PF 

3C 

10 

CD4011, 11,49 

3 

3D 

11 

CD4011 

1 

4B 

4 

CD4049,49,49 

3 

4 

F15]  |d 

650  OHMS 

0 

10 1 |e12 

5 

A2| |B4| 1 

650  OHMS 

0 

C6 

5 

D10| |e12 

650  OHMS 

0 

IIF15 

1 

1 

1 

DRAWING  #3235507 
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A-ll/A-12 


REFERENCE 


TOTAL  LOAD 


1C  # 

PIN  y/ 

A4 

1 

4011 

2 

4011,20,27 

12 

4011,27,11 

A5 

4 

4023 

5 

4023 

7 

4023 

• 

14 

4023 

12 

4023 

13 

4023 

A6 

9 

4011 

6 

4011 

10 

4001 

A7 

10 

4050 

11 

4050 

12 

4050 

13 

4050 

A8 

2 

3 MEG,  2PF 

4 

3 MEG,  2PF 

6 

3 MEG,  2PF 

10 

3 MEG,  2PF 

12 


3 MEG,  2PF 
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REFERENCE 

TOTAL  LOAD 

II 

CMOS 

LOADS 

IC  <1 

PIN  « 

A4 

2 

3 MEG,  2PF 

0 

4 

3 MEG,  2PF 

0 

6 

3 MEG,  2PF 

0 

10 

3 MEG,  2PF 

0 

12 

3 MEG,  2PF 

0 

AlO 

4 

4013,13,20 

3 

10 

4015 

1 

B4 

3 

4013 

1 

4 

4013 

1 

1 

10 

75K  to  (INSTRUMENTATION) 

1 

Direct  To  (4036,  11,  23,  11) 

4 

11 

4049 

1 

B5 

2||4||6 

550  OHMS 

0 

B6 

3 

4020,20 

2 

4 

4011 

1 

10 

4020,01 

2 

11 

4050,50,50 

3 

B7 

9 

4001 

1 

5 

4019 

1 

4 

4019 

1 

6 

4019 

1 

13 

4019 

1 

12 

4019 

1 

_li 

4019 

1 

A-14 


REFERENCE 

TOTAL  LOAD 

IC  // 

PIN  a 

B7 

15 

4019 

1 

4019 

2 

4019 

3 

4019 

B8 

7 

4019 

5 

4019 

1 

4 

4019 

6 

4019 

13 

4019 

12 

4019 

14 

4019 

15 

4019 

12 

4019 

B9 

10 

4050 

11 

1 

4050 

BIO 

11 

1 

4001,49,  (4049,49,49,49,49, 
49) 

C5 

2 

4011,01 

4 

4020,13,13,15 

6 

4011,11  (BLANK) 

10 

OSC 

12 

4011,  OSC 

15 


4001,  (4011,11) 
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REFERENCE 

TOTAL  LOAD 

It 

CMOS 

LOADS 

RISE 

TIME 

10  -^SEC 

IC  # 

PIN  It 

B7 

9 

4011,11,12 

3 

6 

4023 

1 

10 

4012 

1 

C2 

1 

4011,23,11,  (27PF,  27PF, 

4 

.12 

4023,  27PF) 

2 

4013,49  (4013,01) 

4 

13 

(4011) 

1 

C3 

4 

4012 

1 

12 

4012 

1 

15 

4023 

1 

1 

4023 

1 

2 

4012 

1 

3 

4023 

1 

1 

C4 

1 

4011 

1 

2 

4011,11 

2 

12 

(BLANK) 

0 

C5 

6 

4012 

1 

10 

4011 

1 

C6 

2,4,6 

((650  OHMS) 

0 

10 

4011,12,13  (27PF) 

3 

.01  ' 

1 

12 

4012,  (BLANK) 

1 

15 

4013 

1 

C7 

9 

4013 

1 

DRAWING  #3235510 
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REFERENCE 


TOTAL  LOAD 


4011.12 

4023.12.11.12 
(BLANK) 

(BLANK) 

4011,  (4013,15,13,13,13,13, 
11) 


# 

CMOS 

LOADS 


RISE 
TIME 
10  -^SEC 


4011,11 


REFERENCE 


TOTAL  LOAD 


IC  # 

PIN  // 

E3 

5 

4023 

13 

4023,23 

12 

4023,23 

15 

4012 

1 

4012,23 

3 

4013 

E4 

1 

4049 

13 

4049 

E5 

1 

4023,12,11,23 

12 

4011 

E6 

2 

4011 

4 

4012 

6 

(27PF) 

10 

(BLANK) 

12 

4013,13 

E7 

1 

4013 

2 

4013 

12 

4020 

13 

4011 

F3 

2 

4020,20,13,13 

4 

4013 

6 

4013 

10 

4013 

DRAWING  #3235510 
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DRAWING  //3235513 
PAGE  1 of  2 


REFERENCE 

TOTAL  LOAD 

It 

CMOS 

LOADS 

RISE 

riME 

10  -^SEC 

IC 

It 

PIN  It 

A7 

1 

4011,13 

2 

13 

4049,10 

2 

B7 

1 

MM42030,4011,12,01,11,11,23, 

01,12,01,49,13 

12 

.156 

2 

4011,23 

2 

13 

4012,11,11,11,23,12,49,11,01, 

23,25,11,23,49,13,49, 

16 

.22 

12 

4011 

1 

Cl 

3 

4013 

1 

4 

4049 

1 

10 

BLANK 

0 

C8 

2 

4020,20,20.13,13 

5 

4 

4020,13 

2 

10 

4001,100K,MM42030 

1 

12 

4011,20,13 

3 

15 

4013 

1 

C9 

2 

4019, lOOK 

1 

4 

4001,01,49,29,29,01,MM42030, 

lOOK 

7 

.15 

6 

4001, lOOK 

1 

10 

MM4 2030, lOOK 

0 

15 

4049, 11, 11, 11, 49, lOOK 

5 

.05 

D1 

1 

4011 

1 

13 

4011 

1 

A-27 


DRAWING  //3235513 
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REFERENCE 


TOTAL  LOAD 


4025, 25, 25, 13. TOOK 
4025, 13, 13, 11, 13, lOOK 
4023, 11,100k 
4013,49 


A-28 


TOTAL  LOAD 


4001 

4012 

4013 
4013 
4011 
(BLANK) 
4049,25 
4025 

4002 
4013 
4013 
4023 
4013 
4013 
4012,23 
4025,15 

4011 
4013 

4027,13,13 

4013 

4012 
4027 
4023 
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REFERENCE 

TOTAL  LOAD 

it 

CMOS 

LOADS 

RISE 

riME 

10  -^SEC 

IC  II 

PIN  It 

1 

11 

4002, (4049,23,23) 

4 

C5 

12 

4027 

1 

C6 

2 

4011 

1 

12 

4013 

1 

13 

4012,23,12, (4011,49,23) 

6 

C7 

9 

4025 

1 

6 

4012, 01, 49, 25, (MM420, 4050, 11, 
30,49,02,49,01,12,49,01,49,02 

17 

.36 

C8 

2 

4013 

1 

4 

4023,12,13 

3 

6 

4023 

1 

10 

4011,23,11,12,11 

5 

12 

4027,23 

2 

13 

(4049,23,23) 

3 

C9 

9 

(4023,12) 

2 

6 

4001 

1 

D6 

1 

4001,11,12  (4011,12,25,49,49) 

8 

2 

4027,27,01,11 

4 

13 

(4050,25,49) 

3 

D7 

1 

4002 

1 

13 

4011 

1 

D8 

10 

4011 

1 

D9 

1 

(30PF,23,23,23,12,12) 

0 

DKAWING  //3235514 
PAGE  3 of  3 


TOTAL  LOAD 


4030 

4013 

4013 

4011 

4011 
4001 
4025 

4012 

4013,25 

4012 

4011 
4029,29 

4012 
4012 

4027,01,42,42,42,42 

4011 

4011 

4012 
4012,12 
4011,11 
4011,01 
4023 
4001 
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A-34 


REFERENCE 


TOTAL  LOAD 


PIN  # 

10 

4027 

11 

4025 

9 

4001 

6 

4011,02,49,19,19 

10 

4011,11 

3 

4013,01 

4 

4001,02,01,25 

10 

4023 

11 

4013 

3 

4001,25,01 

3 

4013 

4 

4011 

10 

4011 

11 

4001 

1 

4013 

13 

4019 

6 

MM42030,MM42030 

11 

MM42030,MM42030 

14 

MM42030,MM42030 

2 

MM42030,MM4203 

7 

4029 

1 

4013 

2 

4011 

A-35 
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REFERENCE 


TOTAL  LOAD 


If 

CMOS 

LOADS 


4025.13.13 
4001,15 

4013.29.49.13.15.13.13 


4013,13,13,13,13,13 

4013,13,13,13,29 

4019,19 

(BLANK) 


A-36 
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REFERENCE 

TOTAL  LOAD 

II 

CMOS 

LOADS 

RISE 

TIME 

10  -^SEC 

IC  // 

PIN  // 

D1 

4 

4012,12 

2 

3 

4002 

1 

6 

4011 

1 

15 

4015 

1 

11 

4023,29 

2 

D2 

1 

4013,02 

2 

2 

4011 

1 

13 

4013 

1 

D3 

1 

4011 

1 

13 

4011,12 

2 

D4 

12 

4030 

1 

11 

4D30 

1 

9 

4030 

1 

6 

4030 

1 

5 

4030 

1 

4 

4030 

1 

3 

4030 

1 

D5 

13 

4029 

1 

12 

4029 

1 

11 

4029 

1 

10 

4029 

1 

D6 

1 

4019 

1 

13 

4019 

1 

A-37 
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REFERENCE 

TOTAL  I>OAD 

IC  # 

PIN  # 

D7 

1 

4019 

13 

4019 

D8 

3 

4025 

9 

4025 

12 

4025,49,11 

1 

4001 

D9 

3 

4001 

10 

4011 

12 

4001,02 

1 

4011,23 

E2 

1 

4015 

E2 

1 

4001 

13 

4013 

E3 

1 

4012 

13 

4012 

E4 

3 

4002 

4 

4002 

10 

4002 

11 

4013 

E6 

1 

4019 

13 

4019 

E7 

1 

4019 

13 

4i)19 

A-38 
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REFERENCE 


TOTAL  LOAD 


10  K series  30PF  parallel  2K 

4013,13,10K  series  30PF  par- 
allel 2K 


CMOS 

LOADS 


4001,01 


30PF  parallel  30PF  parallel 
130K 


30PF  parallel  130K 


4023,49 


A-41 


DRAWING  #3235517 
PACK  2 of  A 


RKKERENCE 

TOTAL  LOAD 

# 

CMOS 

LOADS 

R 1 SE 

riME 

10  -^SEC 

IC  II 

PIN  il 

C5 

2 

MMA2030 

1 

A 

AOll 

1 

6 

MMA2030 

1 

10 

4015 

1 

15 

MMA2030 

1 

C6 

1 

4011 

1 

13 

MM42030 

1 

C7 

3 

4011 

1 

A 

4011 

1 

10 

4013 

1 

11 

4049 

1 

C8 

1 

2 

4011,13,20,15,13,11 

b 

1 

A 

lOK  series  30PF  parallel  2K 

0 

.14 

6 

4011 

1 

10 

4023,11 

2 

12 

30PF  parallel  30PF  parallel 

0 

.18 

30K 

15 

4049 

1 

C9 

3 

4020 

1 

A 

4020 

1 

10 

4020 

1 

1 1 

4001,1 1 

2 

DA 

2 

0 

13 

4001 

1 

A-‘12 
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DRAWING  //3235517 
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TOTAL 

1.0  AD 

4011 

4012 

4012 

lOOK 

parallel 

4049 

lOOK 

parallel 

4049, 

4042 

parallel 

lOOK 

lOOK 

parallel 

4042 

lOOK 

parallel 

4015 

lOOK 

parallel 

4042 

lOOK 

parallel 

4025 

lOOK 

parallel 

4001 

lOOK 

parallel 

4001 

lOOK 

parall el 

4001 

lOOK 

parallel 

4049 

lOOK 

parallel 

4049 

lOOK 

parallel 

4011 

CMOS 

LOADS 


RISE 
I' I ME 

10  -^SEC 


lOOK  parallel  4013 
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TOTAL  LOAD 

It 

CMOS 

LOADS 

24K  series  20K  parallel  30PF 

0 

4023,13,13 

3 

4011 

1 

4013 

1 

4012 

1 

4023,12,12 

3 

4002 

1 

4002 

1 

4002,01 

2 

4002,11 

2 

4011 

1 

4011 

1 

4001,01,23 

3 

4025,01 

2 

4001,01,23 

3 

4025,01 

2 

4049,13 

2 

4013 

1 

4013 

1 

4023 

1 

4013 

1 

4011 

1 

4023 

1 

RISE 

TIME 

10 


7 


SEC 


A-45 
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REFERENCE 

TOTAL  LOAD 

IC  # 

PIN  # 

A7 

11 

4013,25,25,25,13,25,25 

B2 

4 

4002,01 

3 

4002,01,11 

12 

4002 

11 

4002,01,11 

B3 

3 

4015 

4 

4015 

10 

4015 

12 

4015 

B4 

1 

4011,01,01 

1 

2 

4023 

13 

4’001,01,11 

B5 

2 

4023,15 

12 

4013 

B6 

2 

4023,11 

12 

4025,25 

B7 

3 

4025 

4 

4049 

10 

4013,13 

11 

4049,25,15,12,23,12  (4049,01 

01) 

C2 

2 

4011 

4 

4013,23 

# 

CMOS 

LOADS 


RISE 

TIME 

10  -^SEC 


.01 


A-4(i 


I 
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TOTAL  LOAD 


(4011) 


4049,13,27,27,13 


4013,20 


4011,  (4011) 


4012,12 

4012,12 

4020,13,13 


4025,25 

4025,25 


A-47 
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REFERENCE 


TOTAL  LOAD 


IC  it 


PIN  if 

1 

4013 

2 

4012 

13 

4013 

2 

4011 

13 

4011,  (4049,49) 

12 

4025 

3 

4011 

4 

4011 

10 

4011 

11 

4011 

3 

4049 

4 

4011 

2 

4012 

13 

4013 

13 

4011 

9 

4013 

6 

4013 

10 

4015 

3 

4011 

4 

4023 

10 

4013 

11 


4012 
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REFERENCE 


TOTAL  LOAD 


4011,23 


(4023,23) 


4011,11,12 


4013,15,49 


A- 50 


I 
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REFERENCE 

TOTAL  LOAD 

II 

CMOS 

LOADS 

IC  II 

PIN  II 

A3 

5 

4023 

1 

6 

4023 

1 

11 

4023 

1 

AA 

3 

4001 

1 

4 

4013 

1 

10 

4013 

1 

11 

4001 

1 

A5 

13 

4049 

1 

11 

4011 

1 

4 

4029,29,01 

3 

A6 

1 

4011 

1 

13 

4025,15 

2 

A7 

3 

4024 

1 

4 

4001 

1 

10 

4025,13,13,13,01,11,27,49,15 

9 

11 

4025,13,01,13,12,13,27,12,49, 

12 

13,49,13 

B3 

9 

4024,11 

2 

6 

4002 

1 

10 

4013 

1 

B4 

3 

4013 

1 

4 

4013 

1 

10 

4013 

1 

11 

4027,13 

2 

DRAWING  //3235519 
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DRAWING  #3235519 


PAGE  3 of  6 


REFERENCE 

TOTAL  LOAD 

11 

CMOS 

LOADS 

RISE 

TIME 

10  -^SEC 

IC 

0 

PIN  II 

C7 

3 

4015 

1 

4 

4013 

1 

10 

4024 

1 

11 

4011,11,11 

3 

C8 

2 

4049,17,12,12,11,MM42030 

5 

4 

4011 

1 

6 

4011,13,25,27,15 

5 

10 

4011,12 

2 

12 

4013,49,13,27,11,13,13,13, 

24,13,13,15,13,49,13,23,01, 

13,12,24,23,49,49,49,13,49, 

49,13,15,15,49,13,13 

32 

.6 

C9 

3 

,4011 

1 

9 

4049,12  BLANK 

2 

15 

4011 

1 

12 

4012 

1 

D3 

3 

4002 

1 

11 

4002 

1 

4 

BLANK 

D4 

2 

4001,11 

2 

1 

4001,27,02,MM42030 

3 

13 

4011,25,27,11,  BLANK 

4 

12 

4011 

1 

A-55 


DRAWING  #3235519 
PAGE  4 of  6 


DRAWING  #3235519 
PAGE  5 of  6 


REFERENCE 

TOTAL  LOAD 

# 

CMOS 

LOADS 

IC  # 

PIN  # 

i':9  ^ 

15 

4013 

1 

D9 

2 

4027 

1 

10 

4011,13 

2 

9 

4011,49 

2 

12 

4025 

1 

1 

4013,11,13 

3 

F4 

9 

4049 

1’ 

12 

4040 

1 

F7 

11 

, 4029,42, 42,42, lOOK 

4 

10 

4029, 42,42, 42, lOOK 

4 

1 

9 

4029,42,42,42,100K 

4 

8 

4029, 42, 42, 42, lOOK 

4 

7 

4029, 01, lOOK 

2 

6 

4029, 01, lOOK 

2 

5 

4029, 01, lOOK 

1 

2 

4 

4011, 15, lOOK 

2 

*F8 

7 

4029,29 

2 

*F8 

7 

4001,11 

2 

F5 

2 

4011 

1 

4 

4013 

1 

6 

OSC 

0 

10 

OSC 

n 

*SAME  NUMBER  ON  SCHEMATIC 
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REFERENCE 

TOTAL  LOAD 

# 

CMOS 

LOADS 

RISE 

TIME 

10  -^’SEC 

1 

IC  # 

PIN  # 

F5 

12 

4027 

1 

15 

4015,15,13,24,49,49,49,49, 

13 

.3 

49,49,49,49,49 

E7 

9 

4013 

1 

E7 

10 

4013,27 

2 

DRAWING  //3235520 


RKKERENCK 

TOTAL  LOAD 

1 

1C  if 

A 2 

1 

4027,12,12 

2 

4012 

14 

4027,12,12,13 

A3 

1 

4023 

13 

4049 

A4 

10 

4013 

A5 

12 

4013 

kl 

3 

4024 

4 

4012 

10 

(4013) 

11 

4013 

5 

4011 

4 

4011 

B2 

1 

4001,13,12 

2 

(4012,13,13,13,49,49) 

13 

4001 

12 

4012,27 

B3 

4 

(4049) 

10 

4002 

B4 

9 

4001 

6 

4001 

Bfi 

3 

4012 

A-t3y 


REFERENCE 


TOTAL  I,OAD 


IC  # 

PIN  II 

4 

4013 

10 

4012 

11 
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APPENDIX  C 


HONEYWELL  CD  400  SERIES 
INPUT  CAPACITANCE  STUDY 


(lieproduction  of  Honeywell  letter  reiiort  of 
2 Deeeniber  fy7(>) 


C-l/C-2 


L. 


Hcccnher  1976 


. I . ^li'thew.T 

■7'  ';'9  Sjries  C?r"  ''r.nut  ('p.racitanco  Study 


SI"' " ':r:{ 


“'.is  study  '..'as  undertaken  to  dctemine  the  innut  canacitanccs  for  Q'<-’n00 
scries  CDS  dev'ices  used  in  MiVIlTIP.  Vendor  data  sliects,  MIL-' ‘-33510 , and 
visits  to  h'ational  and  'lotorola  '..ere  'utilited  to  compile  a listim';  of  in- 
put canacit.ancc  values.  Tlieso  values,  tot^ether  uith  device  outnut  inoedance 
specif icatic.ns , '.'.'ere  used  to  compute  '.-.•orst-case  pulse  rise  and  fall  tine 
values.  From  tills  it  vas  found  that  tlie  gate  loadi.np  desipn  .Guideline  being 
used  by  .'.TiC  has  a 3:1  safety  factor,  aaid  there  sh.ould  not  inn  any  prohlera 
related  to  capacitive  loading  of  CVS  gates  in  .'.Tl-MITIP  hard’.-, are . 

Disnissio:,' 


Tl-.e  study  uas  begun  by  cenpiling  a list  of  vendor  data  obtained  from  catalog 
data  slicets.  Tliere  v/as  a v.lde  disparit)'  of  values  resulting  fron  this  study; 
for  cxamlc,  on  the  CD4006  a ratio  of  5:1  e.xists  in  th.e  CLOtlK  innut  caT-a.cita:; 
values.  Tliereforo,  visits  vere  r.ade  to  National  or.d  Motorola  C'" 
in  order  to  obtain  actual  input  capacitance  data  ami  to  obtain  ‘■'irst-h.and 
inforruation  on  tlie  nature  and  diaracter  of  CDS  innut  canacit.ar.ce. 


Tl'.e  data  obtained  fron  Mational  .and  Motorola,  plus  catalog  and  '!IL-'!-3S5in 
data  is  shi.un  in  Table  1.  Mote  that  both  .Mational  and  'lotorol;  sunn  lied 
data  for  relatively  fev;  devices;  hov.'cver,  they  consider  these  val’ues  t}’^ical 


of  a bro.ad  snectrun  of  nroduct.  For  e.xamle 


I'otorola  dPfld  and  4912  data 


is  t^'nical  of  all  gate  inputs.  In  addition  to  .actual  data  both  .'lotorola  .and 
Mational  supplied  ’'estinates"  of  typical  input  capacitance  for  the  device 
t'.n^es.  Motorola  w.as  more  .specific  in  this,  although  the  value  for  tl’.e  4912 
does  not  correlate  uitli  actual  data  given.  Mational  surrplied  a less  specific 
listing,  specifying  r.ost  devices  as  4-5.5  pf,  and  no  data  for  those  devices 
'.•.’hich  ’.■.’ould  te.nd  to  nin  higher. 


Maticnal  furnished  the  best  treatise  on  the  'aakcun  of  input  capacitance;  a 
discussion  by  John  Jorgensen,  CDS  Desigri  'l.onagcr.  Input  capacitance  is  com- 
posed of  the  sun  of  the  capacitances  associatecl  vith  the: 


• Paclaige  (0.8  to  1.7  pf) 

• Input  protection  diode  to  Vgg  (1  to  2 pf) 

• Inverter  st.agc  (1  to  2 pf) 


C-.8 


In  ad.lition  to  t’.-e  .alt-ove. 

t'lere  are  '•ate-  Irain  a 

associated  •..'it'’  '’‘.o  P and. 

.N  ri-..'’.ajici  tr-'.ns i.itor.-'.  ' 

Tlie  rain  o'"  t’lis  sta''’e  is 

19-:i\  an.i 

wp '*.•>  result 

plication  factor  as  trie  d' 

evice  si.'itc: 

C'.s  through 

lustrates  tills  for  a 4991 

B rci'-ioon 

uevice  suit' 

f’.'itc-sourcc  c".r''c ! ‘ inc 


n ■ 'ircc  - 

sliolfi.  "'.''lire  I ’1- 
''rrr,  a ’’O"  input  to 
"1"  input  at  = 15  V.  Tutepratiu'.:  'ur.uer  t’le  ciir\'e  results  iu  (,'i  = 

3.1  rv'  cor— '.'ircu  to  5.0t  ru  nea.sured  cr.  a stea5'y-state  basis.  Tliis  c'.iar- 
acteristic  l’ecc"es  even  rare  nrvonour.cc-i  -at  ’’p;)  = 5 V (see  anoeaui.x  .\  uata 
slicet). 


lloth  National  ami  '!otorola  ivere  asked  tlio  follovrinp  questions,  ’..'ith  rnth 
furnishing  essentiailv  tiio  sa.'-ie  arisv.-ers: 


1.  Is  Ci  affected  by  Vnn?  Ans'.  Not  significantly. 

2.  Is  Ci  affected  by  tcnperaturc?  Ans.  .Not  sipiificantly. 

3.  I'.b.at  is  the  tvfical  outnut  irmedance  of  the  devices?  .^:lS.  .No  one  has 
ever  asked  about  this  - consult  data  sheets  for  rise/fall  tines  and 
output  volfaqe  vs.  current  sin'iinq  capability.’'. 

4.  Viluat  is  tlic  effect  o^  Vp!)  on  output  inpedance?  Ans.  Referring  to  cut 
put  rise  and  fall  tines,  if  these  are  given  at  Vni)  = 5 V tiien  use  t- 
and  tf  values  divid.cd  by  4 to  obtain  15  V values.  If  Vpi)  is  given  as 
10  V,  then  divide  by  1.25. 

5.  V.bat  is  the  effect  of  tcr.merature  on  output  inpedance?  Ans.  ■^0.3’j/°C 
(RvCprcsents  +13.8°.,  at  +71°C.) 

6.  b.hat  are  the  to'pical  clod;  rise  tine  or  pulse  innut  rise  tines  on  the 
devices  uiiich  liavc  such  renuirenents?  .Ans,  Consult  data  sh.eets. 

Data  shoi.'n  represent  at  least  a 2:1  safety.'  factor,  uhen  operating  volt 
is  factored  in  as  shoi.n  in  question  4. 

7.  bhat  is  your  'in,-Ni'ii-883  bevel  B c.anahility’’?  /\ns.  .Ansvers  to  th.is 
question  dif'^cred  greatly.  National  has  all  product  available  to  283 
bevel  B.  'lotorola  does  not  have  any  product  available.  Tliev  have 
ju.st  acquired  tiie  necessary  test  enuipnent  (tenp  clianbers,  dynanic  tes 
gear,  etc.)  and  plan  to  have  sore  product  available  first  quarter  197 
Other  product  vill  <^ollov  throughout  1977. 

8.  I'/liat  is  tlie  future  avail.abilit;/  of  t^.T)cs  not  nou  produced?  ('lotorola 

question  onlv;  National  produces  all,  if  tlic  4079  can  be  substitutci! 
for  the  4039.)  ..\ns.  '’otorola  docs  not  pi.an  to  produce  tlic  nissing 

devices.  (4019,  4029,  4047,  and  4048). 

9.  Do  you  Ii.ave  any  .application  notes  regarding  AC.  operation  of  (Tf'S'’ 

/Vns.  Neitlicr  h.ad  anv  specific  noti's  or  suggestions  to  offer,  re- 
ferring instead  to  previously  purtlislicd  notes  by  WCA  and  Harris,  and 
to  nagacine  articles. 


C-4 


t ar.d  raTsaT'.r'.al  c:oT'.';.".cts  ara  '.istod  in  Apnandix  A,  aian;’ 

xit*'.  (iata  sl’cets  ip'  each. 

T-O'la  2 illustrata?  ti’.e  ''otarnla,  '.'atianal  a:-..l  ”.C\  catalnp  data  naxiran 
traa.a ition  tr"'s  a.icii  tT'i'd  "ihasa  t'.ra  .'.IL  saaci "iaa.l  for  a 20  pf 

Irad  aa.d  IS  cacratina,  exacat  aa  n’'^tcd.  "."'.•ara-'ora,  an  cat i: ■.ate  o'"  nat- 
piit  i'xiC'.l’tncc  can  derived,  and  t’a.ere'ny  a ca. Icnlation  t!'.e  raxinn 
all;'''  a >le  ca.'aa.ciLar.ce  for  f’ate  lea’ll'  for  a.  "-’■.'oa.  riae  tine  r'''nuircr’erLt  can 
'ae  r’c [tata  fur  ti'.e  Cd-ii/ld  and  C.)  U/20  •.■.aa  ci-tained  fron  Faircitild  C?;S 
d-ata  'a.e-ets, 

Follcn/in;.’  is  a calcalatlon  a vorst-case  catincitance  load: 

9 'iaxinm  transition  tine  in  Table  IT:  130  nsec  1^013,  4027,  4042) 

Increase  for  71°C:  (71°C  - 25°C  tioes  0.3V°c:)  = i.l33  X 130  = 147,94  = 

148  nsec. 

• Conpute  number  of  P.C  tine  constants  for  10°j  to  901  pulse  nnplitude: 

101  = .105  RC;  901  = 2.5  RC;  therefore,  101  to  901  rise  tir.e  is  2.2  RC. 

• Conpute  naxinun  output  Lnpcdance:  143  X lO’i^  = 2.2  X R X 50  X 10" - 

R = 1545  o’lns 

• Maxinun  rise  tine  alloved  on  CXIS  prints  is  5 nicrnscconds;  applyir.rr 
a 2:1  snfet}'  factor  tins  beconos  1.5  microseconds . Conrjutc  t!ie  na.x- 
imm  cap.'icitivc  load  tine  1345  o!'j-i  output  impedance  can  drive  v/itiiout 
dcfn*adinp  the  rise  tine  a’love  1.5  nicroseconds : 

2.2  X 1545  X C = 1.5  X 10-6 
C = 507  pf 


i'nximn  pate  load  in  Table  I'  20  pf  (4049)  Clotorola  estir.atcs  tliis  at 
17-19  pF,  they  are  chaneinp  their  data  sheet  to  sneci^y  20  nf,  nax- 
inita.)  Calcuiatc  nunber  of  cr'4n49  inputs  a CR4ni5,  4027  or  4042  could 


drive 


507 


The  next  v.'orst  case  load  in  Table  T is  the  12  of  naxinim  specified  by 
MTI,-'!-53510.  On  this  basis  42  loads  could  be  driven,  for  a tmica.l 
pate  input  such  as  the  Ibational  CP4020,  and  roimdinp  4.7  pf  to  5 pf. 


over  100  loads  could  be  driven. 


Iherc'^orc  the  9 loads  sneci-'*ied  )>>•  .M.'C  a.s  a desirrn  poal  is  ver>’  con- 
servative, representing  at  v.orst  a 5:1  saftey  factor. 
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iv\Tinx.\i,  A-AT)  .‘pror/’iu  pfiRF.o:::;i;L  cnmcTs 
AYJ  CKIS  DATA  SDi.TTS. 


National  (Fnnta  Clara,  Ca.) 

SI’.aron  (San)  O'Connell  - ?!ilitar>’/Aorospacc  'larkctinyy 

Dnnafyer,  -'.nS-737-5SS0 

Bob  Bennett  - CDS  Product  Viarketin^  .*!an.ar;cr  403-752-5000 
John  Jorgensen  - CDS  Design  Manager,  403-737-50)35 


Motorola  (Austin,  Texas) 

Rick  Coeld  - Production  Mnnagcr,  512-928-2600 

Bruce  Parting  - CDS  Product  Marketing  Engineer, 
512-92S-2600  ext.  555 

Mike  Hadley  - CDS  Applications  Engineer,  512-928-2600 
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